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(57) ABSTRACT

A method for fabricating a crown capacitor includes: form-
ing a first supporting layer over a substrate; forming a
second supporting layer above the first supporting layer;
alternately stacking first and second sacrificial layers
between the first and second supporting layers to collec-

tively form a stacking structure; forming a recess extending
through the stacking structure; performing an etching pro-
cess to the first sacrificial layers at a first etching rate and the
second sacrificial layers at a second etching rate greater than
the first etching rate, such that each second sacrificial layer
and 1immediately-adjacent two of the first sacrificial layers
collectively define a concave portion; forming a first elec-
trode layer over a surface of the recess in which the first
clectrode layer has a wavy structure; removing the first and
second sacrificial layers; and forming a dielectric layer and
a second electrode layer over the first electrode layer.

12 Claims, 11 Drawing Sheets
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100

forming a first supporting layer over a substrate and a
second supporting layer above the first supporting layer,
and alternately stacking first and second sacrificial layers 110
between the first and second supporting layers to
collectively form a stacking structure

forming a recess extending through the stacking structure 120

performing an etching process to the first sacrificial layers

at a first etching rate and the second sacrificial layers at a 130
second etching rate greater than the first etching rate
forming a first electrode layer over a surface of the recess 140
in which the first electrode layer has a wavy structure
removing the first and second sacrificial layers 150
forming a dielectric layer and a second electrode layer over 160

the first electrode layer

Fig. 1
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CROWN CAPACITOR AND METHOD FOR
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a Divisional Application of the
U.S. application Ser. No. 17/010,843, filed Sep. 3, 2020,
which 1s herein incorporated by reference in its entirety.

BACKGROUND

Field of Invention

The present invention relates to a capacitor and a method
for fabricating the same. Specifically, the present invention
1s related to a crown capacitor and a method for fabricating
the same.

Description of Related Art

Regarding semiconductor devices, such as a Dynamic
Random Access Memory (DRAM), 1t has been known that
a capacitor, which has the same structure as of a memory cell
capacitor, 1s used as a compensation capacitor.

As the recent tendency, capacitance of the memory cell
capacitor has become critical 1n order to support electrical
devices’ multifunction. If the capacitance 1s not high
enough, some functions therecol may not operate well or
even stop.

Therefore, there 1s a need to develop a method to increase
capacitance of memory cell capacitors and solve the afore-
mentioned problems.

SUMMARY

The disclosure provides a method for fabricating a crown
capacitor includes: forming a first supporting layer over a
substrate; forming a second supporting layer above the first
supporting layer; alternately stacking first and second sac-
rificial layers between the first and second supporting layers
to collectively form a stacking structure; forming a recess
extending through the stacking structure; performing an
ctching process to the first sacrificial layers at a first etching
rate and the second sacrificial layers at a second etching rate
greater than the first etching rate, such that each second
sacrificial layer and immediately-adjacent two of the first
sacrificial layers collectively define a concave portion; form-
ing a first electrode layer over a surface of the recess 1n
which the first electrode layer has a wavy structure; remov-
ing the first and second sacrificial layers; and forming a
dielectric layer and a second electrode layer over the first
clectrode layer.

In some embodiments of the present disclosure, the first
and second sacrificial layers include tetracthyl orthosilicate,
phosphosilicate glass, borosilicate glass, or borophospho-
silicate glass.

In some embodiments of the present disclosure, the first
sacrificial layers include boron below 0.5 wt % or phospho-
rus below 0.5 wt %. The second sacrificial layers include
boron over 2.5 wt % or phosphorus over 2.5 wt %.

In some embodiments of the present disclosure, each of
the first and second sacrificial layers has a thickness ranging,
from about 2 nm to about 20 nm. The first and second
sacrificial layers collectively form a thickness greater than

500 nm.
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2

In some embodiments of the present disclosure, an
annealing process 1s performed to the first and second
sacrificial layers before performing the etching process. The
annealing process 1s performed at a temperature ranging
from about 600° C. to about 1000° C.

In some embodiments of the present disclosure, perform-
ing the etching process to the first and second sacrificial
layers includes exposing the first and second sacrificial
layers to an etching gas contaiming hydrogen. The etching
gas containing hydrogen includes HF, NF,, CF,, or SF..
Furthermore, the etching gas contaiming hydrogen can fur-
ther include H,O.

In some embodiments of the present disclosure, perform-
ing the etching process to the first and second sacrificial
layers includes exposing the stacking structure to a protec-
tive gas containing hydrogen. The protective gas containing

hydrogen includes H,, H,N,, NH;, or C H,.

Another aspect of the present disclosure related to a
crown capacitor including a first supporting layer, a second
supporting layer, a dielectric layer, a second electrode layer,
and a five-wavy-layer structure. The first electrode layer at
least partially 1n contact with the first and second supporting
layers. The dielectric layer located on two opposite surfaces
of the first electrode layer and at least partially 1n contact
with the first and second supporting layers. The second
clectrode layer 1n contact with the dielectric layer and at two
opposite sides of the first electrode layer. The five-wavy-
layer structure formed between the first and second support-
ing layers in which the five-wavy-layer structure comprises
a portion of the first electrode layer disposed between two
portions of the dielectric layer which are disposed between
two portions of the second electrode layer.

In some embodiments of the present disclosure, the first
clectrode layer and the dielectric layer collectively wrap a
portion of the second supporting layer.

In some embodiments of the present disclosure, the first
and second electrode layers comprise titanium nitride.

In some embodiments of the present disclosure, the first
and second supporting layers comprise silicon nitride.

In some embodiments of the present disclosure, the five-
wavy-layer structure has a plurality of curved portions
regularly arranged 1n two parallel straight rows.

In some embodiments of the present disclosure, the five-
wavy-layer structure has a plurality of curved portions
irregularly arranged 1n two parallel straight rows.

In some embodiments of the present disclosure, the five-
wavy-layer structure has a plurality of curved portions
arranged 1n two parallel straight rows, and the curved
portions are symmetric with respect to the two parallel
straight rows.

In summary, the etching process 1s performed to the
sacrificial layers at different etching rates, and thus the first
clectrode layer which 1s formed on the surface of the recess
extending through the sacrificial layers can have wavy
structure. Thereafter, the second electrode layer and the
dielectric layer formed on the first electrode layer can also
have wavy structures and collectively form the crown
capacitor with high capacitance.

It 1s to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:
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FIG. 1 1s a flowchart for fabricating a crown capacitor in
accordance with some embodiments of the present disclo-
sure.

FIG. 2 to FIG. 11 diagrammatically illustrate intermediate
steps for fabricating a crown capacitor in accordance with
some embodiments of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings. Wherever possible,
the same reference numbers are used 1n the drawings and the
description to refer to the same or like parts.

Although the terms “first,” “second,” etc., may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are used to
distinguish one element from another. For example, a first
clement could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of the embodiments. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed 1tems.

The terms “comprise,” “comprising,” “include,” “includ-
ing,” “has,” “having,” etc. used in this specification are
open-ended and mean “comprises but not limited.”

Reference 1s made to FIG. 1. FIG. 1 1illustrates a method
100 for fabricating a crown capacitor in accordance with
some embodiments of the present disclosure. The method
100 starts with Step 110 1n which a first supporting layer 1s
formed over a substrate, and a second supporting layer 1s
formed above the first supporting layer and. Furthermore,
first and second sacrificial layers are alternately stacked
between the first and second supporting layers to collec-
tively form a stacking structure. The method 100 continues
with Step 120 1n which a recess extending through the
stacking structure 1s formed. Next, the method 100 continues
with Step 130 1n which an etching process 1s performed to
the first sacrificial layers at a first etching rate and the second
sacrificial layers at a second etching rate greater than the first
ctching rate, such that each second sacrificial layer and
immediately-adjacent two of the first sacrificial layers col-
lectively define a concave portion. The method 100 contin-
ues with Step 140 1n which a first electrode layer 1s formed
over a surface of the recess, and the first electrode layer has
a wavy structure. The method 100 then continues with Step
150 in which the first and second sacrificial layers are
removed. Further, the method 100 continues with Step 160
in which a dielectric layer and a second electrode layer are
formed over the first electrode layer to obtain a crown
capacitor.

Reference 1s made to FIG. 2. FIG. 2 diagrammatically
illustrates Step 110 of FIG. 1. In Step 110, a first supporting
layer 231a 1s formed over a substrate 210. First and second
sacrificial layers 233a, 2335 are alternately stacked on the
first supporting layer 231a, and then a second supporting
layer 2315 1s formed on the first and second sacrificial layers
233a, 2335, such that a stacking structure 230 1s obtained. In
some embodiments of the present disclosure, third and
fourth sacrificial layers 233¢, 2334 are further stacked on the
second supporting layers 2315, and then a third supporting
layer 231c¢ 1s formed on the third and fourth sacrificial layers
233c, 233d to collectively form the stacking structure 230.
The present disclosure 1s not limited 1n this 1n this respect.

Specifically, the substrate 210 can be composed of any
construction containing semiconductive material, including,
but not limited to, bulk semiconductive materials such as a
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4

semiconductive waler (either alone or 1n assemblies com-
prising other materials), and semiconductive material
regions (either alone or in assemblies comprising other
materials). The substrate 210 includes a conductive structure
211 therein, and the conductive structure 211 includes a
conductive material, such as tungsten (W) or an alloy
containing tungsten thereof. The present disclosure i1s not
limited 1n this respect.

The sacrificial layers 233a, 2335, 233¢, 233d can include
tetracthyl orthosilicate, phosphosilicate glass, borosilicate
glass, or borophosphosilicate glass. The present disclosure 1s
not limited 1n this respect. In an embodiment of the present
disclosure, the sacrificial layers 233a, 233¢ include tetra-
cthyl orthosilicate, and the sacrificial layers 2335, 233d
include borophosphosilicate glass. In some embodiments of
the present disclosure, the first and third sacrificial layers
233a, 233c¢ respectively include additives therein such as
boron (B) below 0.5 wt % or phosphorus (P) below 0.5 wt
%. The second and fourth sacrificial layers 2335, 233d
respectively include additives therein such as boron over 2.5
wt % or phosphorus over 2.5 wt %. The present disclosure
1s not limited in this respect.

In some embodiments of the present disclosure, each of
the first and second sacrificial layers 233a, 2336 has a
thickness ranging from about 2 nm to about 20 nm. The first
and second sacrificial layers 233a, 2335 collectively form a
thickness higher than 500 nm. Therefore, the stacking struc-
ture 230 1s at least thicker than 500 nm. In some embodi-
ments of the present disclosure, each of the sacrificial layers
233c¢, 2334 has a thickness ranging from about 2 nm to about
20 nm. The third and fourth sacrificial layers 233¢, 233d on
the second supporting layer 2315 collectively form a thick-
ness greater than 500 nm. Since the stacking structure 230
includes the sacrificial layers 233a, 2335, 233¢, 2334, the
stacking structure 230 can have a thickness greater than
1,000 nm. In some embodiments of the present disclosure,
cach of the supporting layers 231qa, 2315, 231¢ can 1nclude
a hard material such as silicon nitride to prevent the stacking
structure 230 from toppling. The present disclosure i1s not
limited 1n this respect.

In some embodiments of the present disclosure, the stack-
ing structure 230 further includes a fifth sacrificial layer
233¢. The fifth sacrificial layer 233¢ having a thickness at
least 500 nm 1s directly formed on the first supporting layer
231a. Thereaftter, a chemical mechanical polishing process 1s
performed to the fifth sacrificial layer 233e to get a flat
surface thereon, and then the first and second sacrificial
layers 233a, 23356 are formed on the flat surface of the fifth
sacrificial layer 233e. The fifth sacrificial layer 233e can also
include tetraethyl orthosilicate, phosphosilicate glass, boro-
silicate glass, or borophosphosilicate glass. The present
disclosure 1s not limited in this respect. In some embodi-
ments of the present disclosure, the fifth sacrificial layer
233e can include an additive therein such as boron (B) below
0.5 wt % or phosphorus (P) below 0.5 wt %. In some other
embodiments of the present disclosure, the fifth sacrificial
layer 233e¢ can include an additive therein such as boron over
2.5 wt % or phosphorus over 2.5 wt %. The additive 1n the
fifth sacrificial layer 233e can be adjusted depending on the
stacking relation among the first and second sacrificial layer
233a, 233b thereon. The present disclosure 1s not limited 1n
this respect.

Reference 1s made to FIG. 2 and FIG. 3. FIG. 2 and FIG.
3 can diagrammatically illustrate Step 120 of FIG. 1 1n
which a recess 260 extending through the stacking structure
1s formed. Hence, the conductive structure 211 in the sub-
strate 210 1s exposed by the recess 260. The recess 260 can
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be formed by a dry etching process such as an anisotropic
etching process. The anisotropic etching process can include
a reactive 1on etching (RIE) process or a plasma etching
process. The present disclosure 1s not limited 1n this respect.

Reference 1s made to FIG. 3 and FIG. 4. FIG. 3 and FIG.
4 can diagrammatically illustrate Step 130 of FIG. 1 1n
which an etching process 1s performed to the first sacrificial
layers 230q at a first etching rate and the second sacrificial
layers 2306 at a second etching rate greater than the first
etchuing rate, such that each second sacrificial layer 2306 and
immediately-adjacent two of the first sacrificial layers 230a
collectively define a concave portion 250aq. The second
ctching rate can be several times greater than the first etching
rate, and the ratio relation between the first and second
etching rates 1s determined by the density of the additive and
the etching process. The present disclosure 1s not limited in
this respect. In some embodiments of the present disclosure,
the etching process 1s also performed to the third sacrificial
layers 233c¢ at a third etching rate and the fourth sacrificial
layers 233d at a fourth etching rate greater than the third
etching rate, such that each fourth sacrificial layer 2334 and
immediately-adjacent two of the third sacrificial layers 233¢
collectively define a concave portion 250b.

In some embodiments of the present disclosure, an
annealing process 1s performed to the sacrificial layers 233a,
23350, 233¢, 2334 belore the etching process. The annealing
process 1s performed at a temperature ranging from about
600° C. to about 1000° C. and conducted from about 10
minutes to about 30 minutes. By performing the annealing
process, adjacent two of the sacrificial layers 233a, 2335,
233c¢, 2334 have balanced additive densities. Theretfore, the
concave portions 250a, 2505 can be smooth by conducting
the subsequently etching process.

Specifically, the etching process performed to the sacri-
ficial layers 233a, 2335, 233¢, 2334 includes exposing the
sacrificial layers 233a, 2335, 233¢, 233d to an etching gas
contaiming hydrogen. The etching gas containing hydrogen
can include HF, NF;, CF,, or SF, to partially remove the
sacrificial layers 233a, 2335, 233¢, 233d, such that concave
portions 250a, 25056 can be formed. Moreover, the etching
gas containing hydrogen can further include H,O to increase
the efliciency and selectivity about etching the sacrificial
layers 233a, 233b, 233¢, 233d. The present disclosure 1s not
limited 1n this respect.

In some embodiments of the present disclosure, Step 130
includes exposing the supporting layers 231a, 2315, 231c
and the substrate 210 to a protective gas containing hydro-
gen before the etching process. The protective gas contain-
ing hydrogen can include H,, H,N,, NH;, or C H , and C H,
refers to hydrocarbon 1n this paragraph. After exposing the
stacking structure 230, such as supporting layers 231a,
231b, 231c¢, and the substrate 210 to the protective gas,
protective films, such as Ni;N,H and WH, can be formed
over the supporting layers 231a, 2315, 231c as well as the
conductive structure 211. In this case, the supporting layers
231a, 23150, 231 ¢ and the conductive structure 211 are barely
allected by the etching gas containing hydrogen, thereby
increasing etching selectivity among conductive structure
211, the supporting layers 231a, 2315, 231c¢, and the sacri-
ficial layers 233a, 2335b, 233c¢, 2334d.

In some embodiments of the present disclosure, a pump-
ing process can be performed to gas products produced by
the etching gas containing hydrogen. For instance, while the
sacrificial layers 233a, 23356, 233c¢, 233d are exposed to
hydrogen fluoride (HF), the gas products, such as SiF, and
H,SiF ., are subsequently produced. By performing such
pumping process, the gas products can be efliciently
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removed, thereby preventing the gas products from affecting
formation of the concave portions 250aq, 2505. In some
embodiments of the present disclosure, the etching process
and the pumping process can be conducted repeatedly and
cyclically, and thus the densities of the etching gas and the
gas products thereol can be well controlled. In this way,
concave portions 250a, 2505 can be form efliciently.

Reference 1s made to FIG. 4 and FIG. 5. FIG. 4 and FIG.
5 can diagrammatically illustrate Step 140 of FIG. 1 1n
which a {first electrode layer 270 1s formed over a surface of
the recess 260, such as a sidewall and a bottom surface of the
recess 260. Moreover, the first electrode layer 270 has a
wavy structure 271 since the first electrode layer 270 1s
formed over the concave portions 2350a, 2505. The first
clectrode layer 270 1s in contact with the conductive struc-
ture 211 1n the substrate 210. The first electrode layer 270
can include a conductive material such as titamium nitride
(TiN). In some embodiments of the present disclosure, the
first electrode layer 270 can be formed by a deposition
process, such as an atomic layer deposition (ALD) process,
a physical vapor deposition (PVD) process, a chemical
vapor deposition (CVD) process, or a low pressure chemical
vapor deposition (LPCVD) process. The present disclosure
1s not limited in this respect.

Reference 1s made from FIG. 5 to FIG. 8. FIG. 5 through
FIG. 8 can diagrammatically illustrate Step 150 of FIG. 1 1n
which the sacrificial layers 233a, 233b, 233¢, 2334 arc
removed. According to FIG. 5 and FIG. 6, an opening 261
extending through the third supporting layer 231¢ and the
first electrode layer 270 1s formed. Thereafter, a wet etching
process 1s conducted through the opening 261 to remove the
sacrificial layers 233¢, 233d, and then another opening 263
extending through the second supporting layer 2315 1s
formed 1n accordance with FIG. 6 and FIG. 7. Specifically,
the wet etching process includes exposing the sacrificial
layers 233¢, 2334 to a solvent containing hydrogen fluoride
(HF) through the opening 261 to selectively remove the
sacrificial layers 233c¢, 233d. Relerence i1s subsequently
made to FIG. 7 and FIG. 8, and the wet etching process 1s
also conducted through the opening 263 to remove the

sacrificial layers 233a, 2335. Siumilarly, the solvent contain-
ing hydrogen fluoride (HF) can selectively remove the
sacrificial layers 233a, 2335 through the opening 263. The
openings 261, 263 can be formed by the aforementioned
anisotropic etching process. The present disclosure i1s not
limited 1n this respect.

Reference 1s made from FIG. 8 to FIG. 10. FIG. 8 through
FIG. 10 can diagrammatically illustrate Step 160 of FIG. 1.
In some embodiments of the present disclosure, a dielectric
layer 280 1s formed over the first electrode layer 270 1n
accordance with FIG. 8 and FIG. 9. Specifically, the dielec-
tric layer 280 1s formed on two opposite sides of the first
clectrode layer 270. Thereatter, a second electrode layer 290
1s formed over the dielectric layer 280 to obtain a crown
capacitor 200 in accordance with FIG. 9 and FIG. 10.
Specifically, the second electrode layers 290 are at the two
opposite sides of the first electrode layer 270, and thus the
dielectric layer 280 1s located between the first and second
clectrode layers 270, 290, thereby forming a five-layer
capacitor structure. In some embodiments of the present
disclosure, the dielectric layer 280 includes a high dielectric
constant (high-k) dielectric material having a dielectric
constant greater than silicon oxide. The second electrode
layer 290 includes a conductive material such as titanium
nitride (TiN). The dielectric layer 280 and the second
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clectrode layer 290 can be formed by the aforementioned
deposition process. The present disclosure 1s not limited 1n
this respect.

After Step 160, a semiconductive structure I can be
formed over the second electrode layers 290 to protect the
crown capacitor 200 and the grounding part thereol in
accordance with FIG. 10 and FIG. 11. Specifically, the
semiconductive structure I can include a doped polycrystal-
line material, such as boron doped polysilicon, or germa-
nium doped polysilicon, thereby decreasing the deposition
rate and improving the step coverage of the semiconductive
structure 1. The present disclosure 1s not limited in this
respect.

Reference 1s made to FIG. 11. According to FIG. 11, a
crown capacitor 200 includes a substrate 210, a first elec-
trode layer 270, a dielectric layer 280, and a second elec-
trode layer 290. The first electrode layer 270 1s located on
the substrate 210, and the first electrode layer 270 1s in
contact with the conductive structure 211 in the substrate
210. The dielectric layer 280 1s located on two opposite
surfaces of the first electrode layer 270. The second elec-
trode layer 290 1s over the dielectric layer 280 and located
at two opposite sides of the first electrode layer 270. In this
case, the dielectric layer 280 1s located between the first and
second electrode layers 270, 290, and thus the dielectric
layer 280 and the first and second electrode layers 270, 290
collectively form the crown capacitor 200.

In some embodiments of the present disclosure, the crown
capacitor 200 further includes supporting layers 231a, 2315,
231c. The first electrode layer 270 1s at least partially 1n
contact with the supporting layers 2315, 231¢. The dielectric
layer 280 on the two opposite surfaces of the first electrode
layer 270 1s at least partially in contact with the supporting
layers 2315, 231c¢. Therelfore, the first electrode layer 270
and the dielectric layer 280 collectively wrap portions P1, P2
of the supporting layers 2315, 231¢ to form close-loop rings
around the portions P1, P2 of the supporting layers 2315,
231c.

In some embodiments of the present disclosure, the first
and second electrode layers 270, 290 and the dielectric layer
280 respectively have wavy structures 271, 281, 291 imme-
diately 1n contact. The wavy structures 271, 281, 291
collectively form a five-wavy-layer structure W of the crown
capacitor 200. The five-wavy-layer structure W 1s located
between the first and second supporting layers 231a, 2315,
but the present disclosure 1s not limited 1n this respect. In
some embodiments of the present disclosure, the five-wavy-
layer structure W can also be located between the second
and third supporting layers 2315, 231c.

Specifically, the five-wavy-layer structure W includes a
portion of the first electrode layer 270, two portions of the
dielectric layer 280, and two portions of the second electrode
layer 290. The portion of the first electrode layer 270 1s
located between the two portions of the dielectric layer 280
and located between two portions of the second electrode
layer 290. Moreover, the two portions of the dielectric layer
280 are also located between two portions of the second
clectrode layer 290.

In some embodiments of the present disclosure, the five-
wavy-layer structure W includes a plurality of curved por-
tions C regularly arranged in two parallel straight rows. For
instance, each curve portion C in the same straight row 1s
spaced apart with an adjacent one by the same distance. The
five-wavy-layer structure W can also include curved por-
tions C irregularly arranged in two parallel straight rows.
The present disclosure 1s not limited 1n this respect. In some
embodiments of the present disclosure, the curved portions
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C can not only be arranged 1n two parallel straight rows but
also be symmetric in accordance with the two parallel
straight rows. Moreover, the 1solated structure I covers the
first electrode layer 270, the dielectric layer 280, and the
second electrode layer 290 of the crown capacitor 200 to
prevent the crown capacitor 200 from negative influence.

In summary, the etching process i1s performed to the
sacrificial layers at different etching rates, and thus the first
clectrode layer which 1s formed on the surface of the recess
extending through the sacrificial layers can have wavy
structure. Thereafter, the second electrode layer and the
dielectric layer formed on the first electrode layer can also
have wavy structures and collectively form the crown
capacitor with high capacitance.

Although the present invention has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What 1s claimed 1s:

1. A method for fabricating a crown capacitor comprising;:

forming a {irst supporting layer over a substrate;

forming a second supporting layer above the first sup-
porting layer;

alternately stacking first and second sacrificial layers

between the first and second supporting layers to col-
lectively form a stacking structure;

forming a recess extending through the stacking structure;

performing an annealing process to the first and second

sacrificial layers;

alter performing the annealing process, performing an

etching process to the first sacrificial layers at a first
etching rate and the second sacrificial layers at a second
ctching rate greater than the first etching rate, such that
cach second sacrificial layer and immediately-adjacent
two of the first sacrificial layers collectively define a
concave portion;

forming a first electrode layer over a surface of the recess,

wherein the first electrode layer has a wavy structure;
removing the first and second sacrificial layers; and
forming a dielectric layer and a second electrode layer
over the first electrode layer to obtain a crown capaci-
tor.

2. The method of claim 1, wherein the first and second
sacrificial layers comprise tetracthyl orthosilicate, phospho-
silicate glass, borosilicate glass, or borophosphosilicate
glass.

3. The method of claim 1, wherein the first sacrificial
layers comprise boron below 0.5 wt % or phosphorus below
0.5 wt %.

4. The method of claim 1, wherein the second sacrificial

layers comprise boron over 2.5 wt % or phosphorus over 2.5
wt %.

5. The method of claim 1, wherein each of the first and
second sacrificial layers have a thickness ranging from about
2 nm to about 20 nm.

6. The method of claim 1, wherein the first and second
sacrificial layers collectively form a thickness greater than

500 nm.
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7. The method of claim 1, wherein the annealing process
1s performed at a temperature ranging from about 600° C. to
about 1000° C.

8. The method of claim 1, wherein performing the etching,
process to the first and second sacrificial layers comprises
exposing the first and second sacrificial layers to an etching
gas containing hydrogen.

9. The method of claim 8, wherein the etching gas
containing hydrogen comprises HF, NF,, CF,, or SF,.

10. The method of claim 8, wherein the etching gas
contaiming hydrogen comprises H,O.

11. The method of claim 1, wherein the stacking structure
1s exposed to a protective gas containing hydrogen before
performing the etching process to the first and second
sacrificial layers.

12. The method of claim 11, wherein the protective gas
containing hydrogen comprises H,, H,N,, NH;, or C H..

Gx e * % s

10

15

10



	Front Page
	Drawings
	Specification
	Claims

